Genetic, molecular and pharmacological manipulations have indicated that AKAP79/150 (A-kinase anchoring protein) is important for regulating excitatory synaptic transmission and plasticity, but the molecular mechanisms by which this occurs are confusing [1] [2] [3] [4] [5] . Using a lentivirusmediated molecular replacement strategy targeting PSD-95, it was recently shown that an AKAP150/PSD-95 complex is required for NMDA receptor (NMDAR)-dependent long-term depression (LTD) and NMDAR-triggered endocytosis of AMPA receptors (AMPARs) 6, 7 . Using the same strategy, we examined the roles of endogenous AKAP and its binding to calcineurin (PP2B), protein kinase A (PKA) and protein kinase C (PKC) in regulating basal synaptic transmission and several prominent forms of synaptic plasticity.
infected, −52.5 ± 8.7 pA; n = 14 pairs; NMDAR EPSC: uninfected, 39.5 ± 5.9 pA; infected, 31.8 ± 5.4 pA; n = 13 pairs; control LTD: 48 ± 8%, n = 6; shAKAP and AKAP-GFP, 47 ± 11%; n = 7; Fig. 1b,d ,g,h and Supplementary Fig. 3 ). These experiments were conducted and analyzed blindly, without knowledge of whether cells expressed GFP alone or both shAKAP and GFP.
We also examined the consequence of knocking down AKAP on two other prominent forms of synaptic plasticity: mGluR-dependent LTD and NMDAR-dependent LTP. Expression of shAKAP had no detectable effect on mGluR-dependent LTD elicited by application of the group I agonist 3,5-dihydroxyphenylglycine (DHPG, 25 μM) in the presence of d(−)-2-amino-5-phosphonovaleric acid(d-AP5, 50 μM) (control, 45 ± 5%, n = 4; shAKAP, 48 ± 8%, n = 4; Fig. 1i-k) .
To examine LTP, we injected the shAKAP-expressing lentivirus stereotaxically into the hippocampus and prepared standard acute slices 7-10 d later (Supplementary Methods). Expression of shAKAP had no effect on LTP when compared to control cells recorded from the same sets of slices (control, 212 ± 10%, n = 6; shAKAP, 200 ± 8%, n = 7; Fig. 1l,m) . These results suggest that AKAP is specifically required for NMDAR-dependent LTD and not for other forms of plasticity.
To determine which AKAP-binding partners are required for LTD, we simultaneously expressed shAKAP with AKAP mutants that are known to specifically disrupt the binding of PP2B, PKA or PKC ( Fig. 2 and Supplementary Fig. 3 ). In contrast with wild-type AKAP (Fig. 1b) , we found that expressing an AKAP mutant with a truncation of the PP2B-binding domain 8, 9 did not rescue the enhancement of AMPAR EPSCs (uninfected, −39.8 ± 6.5 pA; infected, −63.5 ± 7.3 pA; n = 13 pairs; Fig. 2a ) and that this manipulation still had no effect on NMDAR EPSCs (uninfected, 42.3 ± 7.4 pA; infected, 45.7 ± 5.8 pA; n = 12 pairs; Fig. 2a) . Furthermore, unlike wild-type AKAP, the PP2B-binding mutant did not rescue LTD (control, 48 ± 4%, n = 6; shAKAP and ΔPP2B-GFP, 95 ± 5%; n = 7; Fig. 2c,e,f) . The synaptic targeting of the mutant AKAP in dissociated cultured neurons, as determined by colocalization with the presynaptic active zone protein Bassoon, was indistinguishable from that of wild-type AKAP (Supplementary Fig. 4 ). These results suggest that PP2B bound to AKAP is required for LTD and is involved in tonically inhibiting basal AMPAR-mediated synaptic transmission.
In contrast with the lack of effects of expressing AKAPΔPP2B, the two AKAP mutants that disrupt the binding of either PKA or PKC 1,2,9,10 (ΔPKA-GFP and ΔPKC-GFP, respectively; Supplementary  Fig. 3 and Supplementary Methods) behaved identically to wild-type AKAP. They both successfully rescued basal AMPAR-mediated transmission as well as LTD (shAKAP + ΔPKA-GFP: AMPAR EPSC, uninfected, −50.8 ± 4.9 pA; infected, −55.7 ± 6.2 pA; n = 10 pairs; NMDAR EPSC, uninfected, 54.4 ± 8.1 pA; infected, 51.3 ± 7.9 pA; n = 10 pairs; LTD, control, 48 ± 7%, n = 7; shAKAP + ΔPKA-GFP, 55 ± 8%, n = 8; shAKAP + ΔPKC-GFP: AMPAR EPSC, uninfected, −38.2 ± 6.0 pA; infected, −37.5 ± 5.7 pA; n = 10 pairs; NMDAR EPSC, uninfected, A calcineurin/AKAP complex is required for NMDA receptordependent long-term depression Sandra Jurado 1 , Virginie Biou 1,2 & Robert C Malenka 1 AKAP79/150 is a protein scaffold that is thought to position specific kinases (protein kinase A and C) and phosphastases (calcineurin) in appropriate synaptic domains so that their activities can regulate excitatory synaptic strength. Using a viral-mediated molecular replacement strategy in rat hippocampal slices, we found that AKAP is required for NMDA receptor-dependent long-term depression solely because of its interaction with calcineurin.
1 0 5 4 VOLUME 13 | NUMBER 9 | SEPTEMBER 2010 nature neuroscience B r i e f c o m m u n i c at i o n s 42.9 ± 8.7 pA; infected, 41.2 ± 5.3 pA; n = 10 pairs; LTD, control, 49 ± 3%, n = 7; shAKAP+ΔPKC-GFP, 43 ± 4%, n = 7; Fig. 2b,d,g-l) . Again, we performed all experiments blindly, without knowledge of the form of AKAP that was expressed in individual cells.
By replacing endogenous AKAP in single cells with AKAP mutants, we found that AKAP binding to PP2B is required for NMDARdependent LTD and is important for tonically inhibiting basal synaptic strength. Our results are consistent with previous findings that AKAP knockout mice lack LTD in hippocampal slices 3 and that PP2B bound to AKAP regulates AMPAR-mediated whole-cell currents in cultured neurons 9 . Although it has been suggested that PKA bound to AKAP tonically regulates basal synaptic strength 1,2,11,12 and influences both LTD and LTP 4,5 , our results do not support these conclusions. They are instead consistent with the hypothesis that PKA spatial distribution is imposed by MAP2 in dendritic shafts and that PKA is translocated to spines during LTP induction protocols 13 . An attractive hypothesis consistent with prior results 6, 7, 14 is that, in the basal state, synapses contain a pool of largely inactive PP2B bound to AKAP 15 . During the induction of LTD, AKAP binds to PSD-95, causing the release of PP2B, which helps to trigger an enhancement of synaptic AMPAR endocytosis. Subsequently, AKAP may leave the spine, a step that could contribute to the shrinkage of spines 10 that accompanies LTD. 
